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ABSTRACT : 

PURPOSE: To reduce the access time by rotating a disk housing cabinet, 
taking the selected disk out of the interior along a radial surface by means of 
a transfer mechanism and transferring the disk into a drive mechanism to carry 
out its mounting. 

CONSTITUTION: When a housing part of the selected disk 1 reaches an entrance 
position of the drive mechanism by rotating the housing cabinet 2 of a drum 
shape, the rotation of the housing cabinet 2 is stopped. Then, the transfer 
mechanism is driven so that the disk 1 is moved out of the housing cabinet 2 in 
the centripetal direction and transferred to the drive mechanism 3 to be 
mounted there. The disk 1 transferred to the drive mechanism 3 is operated 
here to carry out a recording and a reproducing, etc., of data. On completion 
of the recording/ reproducing operation, the transfer mechanism is again driven, 
and the disk 1 is transferred out of the drive mechanism 3 in the centrifugal 
direction to return into the housing cabinet 2 to be housed back. By this 
method, the access time can be reduced. 
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1. Title of the Invention 

Automatic disk exchange method and apparatus 

2 . Claims 

(1) Automatic disk exchange method characterized by the fact- that 
in an automatic disk exchange method in which several disks are loaded 
in a loading shed and any desired one of said disks is selected, fed by 
a feed mechanism, and mounted in a drive mechanism, 

the abovementioned loading shed is comprised of a rotating drum or 
hollow drum having several radial loading parts, the loading part of a 
disk selected by rotating said loading shed centered on its axis of 
rotation is raised to the same radial plane as the gateway of the 
abovementioned drive mechanism, and the selected disk is fed by the 
abovementioned feed mechanism from the loading shed along the 
abovementioned radial plane and mounted in the drive mechanism. 

(2) Automatic disk exchange method characterized by the fact that 
in an automatic disk exchange method in which several disks are loaded 
in a loading shed and any desired one of said disks is selected, fed by 
a feed mechanism, and mounted in a drive mechanism, 

the abovementioned loading shed is comprised of a rotating hollow 
drum having several radial loading parts, disks usable on both sides are 
loaded in the loading parts of said loading shed, a switching part and 
a feed part are installed on the abovementioned feed mechanism, the 

^Numbers in the margin indicate pagination in the foreign text. 
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gateway of the abovementioned drive mechanism can be switched by the 
switching part to the left or right along the diameter of the loading 
shed, the abovementioned gateway is switched to the left or right 
according to the side of the selected disk loaded in the abovementioned 
loading shed to be used, the loading part where the disk selected by 
rotating the abovementioned loading shed is loaded is raised to the same 
radial plane as the abovementioned switched gateway, and the selected 
disk is fed by the abovementioned feed part from the loading shed along 
the abovementioned radial plane to the drive mechanism and mounted in 
the direction corresponding to the side of said disk to be used. 

(3) Automatic disk exchange apparatus characterized by the fact 
that it has a rotating drum- shaped loading shed having several radial 
loading parts for loading disks, a drive mechanism having a feed 
mechanism and placed such that a gateway near the outer perimeter of the 
abovementioned loading shed is positioned on the same radial plane as 
the abovementioned loading part, and a loading part positioning means 

for positioning the loading part where a disk selected by rotating the /: 
abovementioned loading shed centered on its axis of rotation is loaded 
on the abovementioned radial plane. > 

(4) Automatic disk exchange apparatus characterized by the fact 
that it has a rotating hollow drum- shaped loading shed having several 
radial loading parts for loading disks, a drive mechanism having a feed 
mechanism and placed such that a gateway near the outer perimeter, or the 
inner perimeter of the abovementioned loading shed is positioned on the 
same radial plane as the abovementioned loading part, and a loading part 
positioning means for positioning the loading part where a disk selected 
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by rotating the abovement ioned loading shed centered on its axis of 
rotation is loaded on the abovement ioned radial plane. 

(5) Automatic disk exchange apparatus characterized by the fact 
that it has disks usable on both sides, a rotating hollow drum-shaped 
loading shed having several radial loading parts for loading disks, a 
drive mechanism placed in the hollow part of the abovement ioned loading 
shed such that the gateway for a disk to be fed is positioned on the 
same radial plane as the abovement ioned loading part, a feed mechanism 
that has a switching part and a feed part, switches the abovement ioned 
gateway by the abovement ioned switching part to the left or right along 
the diameter of the loading shed according to the side of the selected 
disk to be used, and feeds the selected disk along the abovement ioned 
radial plane by the abovement ioned feed part, and a loading part 
positioning means for positioning the loading part where a disk selected 
by rotating the abovement ioned loading shed centered on its axis of 
rotation is loaded on the radial plane of the gateway switched as 
described above. 

3. Detailed Explanation of the Invention 
(Industrial Field of Application) 

This invention pertains to an automatic disk exchange method and 
apparatus that, for example, load several disks inside a loading shed 
and automatically remove a selected disk as required from the loading 
shed by a feed mechanism and mount this inserted in a drive mechanism, 
then feed the mounted disk again and reload it in the loading shed. 
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(Prior Art) 

Figure 5 is a schematic diagram illustrating an apparatus that uses 
a method by prior art. An example of a conventional automatic disk 
exchange apparatus by prior art is the "Automatic Disk Exchanger" 
described in Japan Kokai Patent No. 60-243865. 

In Figure 5, (1) is a disk inserted inside a flat square cassette, 

(2) is a loading shed comprised of box-shaped racks in two stages-, and 

(3) is a drive mechanism. Disks (1) are housed standing up inside 
loading shed (2). In addition, drive mechanism (3) is installed beneath 
loading shed (2) , and drives recording and playback of disk (1) . (10) is 
a feed mechanism placed behind loading shed (2), and (11) is a feed 
frame within feed mechanism (10) . This feed frame (11) houses a feed 
means (not shown) for feeding disk (1) . 

To mount a particular selected disk (1) inside loading shed (2) in 
drive mechanism (3) in an apparatus such as described above, feed 
mechanism (10) drives feed frame (11) to displace it up or down and left 
or right, and feeds it to the position where the selected disk (1) is 
loaded. Once feed frame (11) reaches the required position, disk (1) is 
moved from loading shed (2) to feed frame (11) by a back and forth feed 
means. Next, feed frame (11) is rotated 90 degrees, then moved downward 
to feed as far as the position of drive mechanism (3) . In addition, the 
feed means is driven backward to insert disk (1) inside drive mechanism 
(3) from gateway (32). Once disk (1) is mounted inserted in drive 
mechanism (3 ) , recording or playback operation begins. 

When recording or playback of disk (1) by drive mechanism (3) has 
ended, disk (1) is fed by the reverse of the operation described above, 
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and returned and reloaded inside loading shed (2) . 
(Problems that the Invention is to Solve) 

As described above, this type of method by prior art is designed to 
use an apparatus that loads disks standing up in a box-shaped rack and 
is constructed by placing a drive mechanism having a horizontal gateway 
beneath this. As a result, this method has several problems such as 
described in the following [1] to [4] : 

[1] It takes a long time to remove a disk from the loading shed, then ' 
mount it in the drive mechanism. / 

Besides normally taking 3 to 4 seconds to feed a disk, it takes 
approximately 1 second to invert it again. Therefore, 'total disk access 
time is 4 to 5 seconds. When the disk is loaded in a position far from 
the drive mechanism, this adds more time in proportion to this distance. 

[2] Because the structure of the feed mechanism, including the feed 
means, moves in three dimensions, and adds rotating motion to invert the 
disk again, this structure is complicated and prone by nature to 
malfunction . 

[3] Because the feed frame is held by its axis of rotation on one side 
like a beam and also houses a -feed means, this creates a heavy- 
structure. Therefore, not only must a weight equalizing means such as 
two springs be used as shown in the figure, but a large motor having 
great torque must be used as the drive source. 

As a result, the structure becomes still more complicated beyond 

[2] described above, the malfunction rate is increased still more, and 
fabrication costs also are high. 

[4] Because the configuration is not designed for disks where both the 
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front and back sides are used, this type of disk cannot be used. 

This invention was developed to solve such problems in methods and 
apparatuses by prior art. Its purpose is to realize an automatic disk 
exchange method and apparatus that have a short access time, simple 
construction, and high reliability, and moreover, can mount disks usable 
on both sides . 

(Means of Solving the Problems) 

In a typical working example of the automatic disk exchange method 
and apparatus of this invention, a method and apparatus are employed in 
which the disk loading shed is comprised of a rotating hollow drum, 
several disks are loaded radially, a drive mechanism having a feed 
mechanism is placed in the hollow part of this loading shed, the loading 
shed is rotated, and a selected disk is removed by the feed mechanism 
from inside along a radial plane and mounted inserted in the drive 
mechanism. 

(Operation) 

In the method of this invention described above, when the loading 
part of a disk selected by rotating the drum-shaped loading shed reaches 
the position of the gateway of the drive mechanism, the loading shed 
stops rotating. In addition, the feed mechanism is driven to move the 
disk centripetally from the loading shed and mount it inserted in the 
drive mechanism. The disk fed to the drive mechanism is subjected there 
to operations such as recording or playback. When recording or playback 
of the disk has ended, the feed mechanism is driven again to feed the 
disk centrifugally from the drive mechanism by the reverse of the 
operation described above and return it loaded inside the loading shed. 



(Working Examples of the Invention) 

Figure 1 is a schematic diagram illustrating an automatic disk 
exchange apparatus that uses a working example method of this invention. 
Figure 2 is a top elevation of essential parts of Figure 1, and Figure 
3 is a front elevation of Figure 2. 

Elements in Figures 1 through 3 having the same part numbers as 
Figure 4 [sic; 5] have the same function, but differ somewhat in 
structure and operation. 

(1) is the same type of disk as described above, and (2) is a 
rotating hollow drum- shaped loading shed. Disk (1) is loaded radially by 
locking in loading shed (2) with part of the disk exposed on the inner 
perimeter. The means for locking disk (1) uses a detachable mechanism 
that, for example, combines a hole on the cassette side with a plate 
spring on the drum side. (21) is a drive motor for driving loading shed 

(2), (22) and (23) are pulleys, (24) is a belt, and belt (24) is 
suspended between pulleys (22) and (23) . (25) is a drive gear, (26) is 
a ring gear that engages drive gear (25) and is fixed to the outer 
perimeter of the drum, and (27) is several idle rollers that support 
loading shed (2) free to rotate. (28) is an exchange window installed on 
the outer perimeter of loading shed (2) , and is used, for example, when 
exchanging disk (1) inside for another disk (1) . This exchange window 

(28) can house a means such as an identification means that identifies 
the direction of disk (1) loaded from outside and a reject means, that 
rejects the disk when the identification means gives a negative result. 

(3) is a drive mechanism, (31) is a mounting plate for this, and 
(32) is a gateway. Drive mechanism (3) is placed in the center of the 
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hollow part of loading shed (2) , and gateway (32) selects a position 
that more or less matches radial plane (0-Y) extending in the Y-axis /' 
direction from center (0) of the hollow drum. 

(4) is a feed mechanism. This feed mechanism (4) inserts or removes 
disk (1) between loading shed (2) and drive mechanism (3) , and is used, 
for example, to mount or exchange disk (1) . (40) is a switching part in 
feed mechanism (4), and (50) is a feed part. Switching part (40) is 
placed beneath drive mechanism (3) , and feed part (50) is installed near 
the upper surface of drive mechanism (3) . Switching part (4 0) switches 
gateway (32) of drive mechanism (3) between direction (Y) and direction 
(Y') . 

Figures 2 and 3 show the structure near feed mechanism (4) 
comprised of switching part (40) and feed part (50) . (41) is a drive 
motor, (42) is a drive pulley fixed to the motor axis of drive motor 
(41) , (43) is a subordinate pulley, (44) is a V-belt suspended between 
both pulleys, and (45) is a rotating table. Drive mechanism (3) is 
attached on top of rotating table (45) . 

(51) is a grip motor, (52) and (53) are a worm and worm gear, and 
(54) is a rack. Two worm gears (53) and racks (54) are provided. (55) is 
two movable frames extending on either side of drive mechanism (3) , and 
(56) is a holding frame fixed to the edge of movable frames (55) . 

(61) is a feed motor, (62) is a worm, (63) is a worm gear, (64) to 
(67) are pulleys, (68) is a round belt, and (69) is four rollers 
attached to holding frame (56) and includes one idle roller. Rotating 
grip motor (51) forward or reverse expands or contracts the gap between 
the two movable frames (55) , and rotating feed motor (61) rotates three 
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rollers (69) . 

Returning to Figure 1, (7) is a mechanical control CPU that 
controls mechanical structural parts comprised of parts already 
explained such as loading shed (2) , and (8) is its host computer. (Pr) 
and (PI) indicated by dotted lines are left and right feed positions 
installed on radial planes (0-Y) and (0-Y') . Disk (1) is inserted or 
removed between loading shed (2) and drive mechanism (3) at these 
positions . 

The operation of the method and apparatus of this invention using 
the structure described above will be explained below divided into 
operations [A] , [B] , and [C] . 

TAl Operation to Exchange Disks Usable on One Side 

In this explanation, it is assumed that the upper side of disk (1) 
shown, for example, on the right in Figure 3 is the front side, and that 
this front side is the side that is used. In addition, it is assumed 
that gateway (32) of drive mechanism (3) is already positioned on side 

(Y) on the right in Figure 1. 

When disk (1) loaded inside loading shed (2) is selected, drive 
motor (21) is driven by the control signal of mechanical control CPU 

(7) . When drive motor (21) is driven, loading shed (2) rotates forward 
or reverse centered on axis of drum rotation (X'-X) by way of parts such 
as pulley (22) and belt (24) . When the loading part of the selected disk 

(1) reaches right feed position (Pr) , loading shed (2) stops rotating. 
As the means for detecting this position, for example, two opposing 
optical switches installed on loading shed (2) and drive mechanism (3) 
are used. Next, feed part (50) at the wait position shown by dotted 
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lines in Figure 2 moves in direction (Y) and stops at the position shown 
by solid lines. During this, grip motor (51) is driven to contract the 
gap between movable frames (55) on both sides, and four upper and lower 
opposing rollers (69) (see Figure 2) compress and grasp the exposed part 
of disk (1) . At the same time, feed motor (61) rotates and this 
rotational force is transmitted to three rollers (69). As a result, of 
the three rollers (69) , the upper roller rotates clockwise and the lower 
two rollers rotate counterclockwise. Consequently, the selected disk (1) 
is drawn from inside loading shed (2), fed through gateway (32), and 
mounted in drive mechanism (3) . When disk (1) is mounted, the power 
source of feed motor (61) is cut off to stop rollers (69) rotating, and 
at the same time, grip motor (51) widens movable frames (55) , then 
stops rotating. Following this, disk (1) fed to drive mechanism (3) is 
subjected to data recording or playback. The recording or playback data 
are transmitted to host computer (8) . 

When recording or playback of disk (1) by drive mechanism (3) has 
ended, feed part (50) is' driven again to return and load disk (1) to its 
original loading part in loading shed (2) by the reverse of the 
operation described above. Ac the same time, feed part (50) is returned 
to its original wait position shown by the dotted lines. 
[Bl Operation to Exchange Disks Usable on Both Sides 

For the front side of disk (1) usable on both sides, actions such 
as feeding disk (1) are performed by operation [A] described above, but 
when using the back side, the operation is as follows: 

First, drive motor (41) of switching part (40) is driven, and drive 
mechanism (3) is rotated by rotating table (45). When drive mechanism 
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(3) has rotated roughly 180 degrees and gateway (32) has been switched 
to direction (Y') on the left, it stops rotating. In addition, loading 
shed (2) is rotated by drive motor (21) , and stops rotating when the 
selected disk (1) reaches left feed position (Pi) in Figure 1. 
Operations following this, including feed operation by feed part (50) - 
recording or playback operation by drive mechanism (3) - loading 
operation in loading shed (2) after recording or playback, are the- same 
as described above. 

Moreover, when using both sides of a single disk (1) , operations 
[A] and [B] described above are performed continuously. 
fCl Disk Exchange Operation 

The following operation is performed, for example, when exchanging 
an old disk inside loading shed (2) for a new disk from outside: 

First, the old disk (1) to be exchanged inside loading shed (2) is 
fed to drive mechanism (3) by the operation described in [A] . In 
addition, if exchange window (28) is empty and positioned as shown in 
Figure 1, loading shed (2) is rotated clockwise to move this empty 
exchange window (28) to feed position (Pr) . Next, the feeding operation 
from drive mechanism (3) by feed part (50) described above is executed, 
and old disk (1) is removed outside through exchange window (28) . 

Next, when the new disk (1) is inserted in exchange window (28) , 
this new disk (1) is relayed through drive mechanism (3) by the feeding 
(inserting and removing) operation by feed part (50) and the operation 
of rotating loading shed (2) , and newly loaded in the loading part in 
loading shed (2) where the old disk (1) was loaded. 

Figure 4 is a schematic diagram illustrating an apparatus that uses 
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another working example method of this invention. 

In this working example, because loading shed (2) is somewhat 
larger to increase loading capacity, two drive mechanisms (3) are placed 
in the hollow part. Besides this, the number of drive mechanisms can be 
increased to four and placed radially near the outer perimeter of 
loading shed (2) as shown by the dotted lines. Disks (1) are fed between 
loading shed (2) and drive mechanism (3) in this working example as 
well, but are still fed along the radial plane of the drum of loading 
shed (2). According to the working example in Figure 4, recording or 
playback of many disks (1) can be executed simultaneously. In addition, 
because the angle of rotation of loading shed (2) is reduced, access 
time can be shortened. 

Specifications of an apparatus using the working example methods of 
this invention and one example of actual results of a prototype based on 
these specifications are as follows: 

The loading shed was 600 mm outer diameter, 3 00 mm inner diameter, 
and 200 mm wide in size, and was designed to load about 60 5.25 inch 
size disks. 

The mechanical control CPU was comprised of an 8-bit- 
microprocessor, and a 1 kW servo motor was used for the drive motor for 
rotating the loading shed. In addition, average disk access time could 
be shortened to about 2 seconds. 

Moreover, the working examples described above were explained for 
cases where the axis of rotation of a rotating drum- shaped loading shed 
was horizontal, but this invention can also be applied to cases where 
this is made flat vertically. Because designing in this way reduces 
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the center of gravity applied to disks inside the loading shed, this has 
the advantage that the disk lock mechanism can be omitted. In addition, 
the diagrams in Figures 3 and 4 do not show partitions or shelves in the 
loading shed, but a loading shed that has partitions can be created and 
a door installed. Moreover, only one exchange window was shown, but 
another exchange window may be installed in a symmetrical position to 
the axis of rotation, and this can house a disk feed means. Besides 
this, the mechanisms required by the switching part or feed part are not 
limited to the working examples shown, and any conventional mechanical 
moving mechanism can be used. 

Moreover, besides magnetic hard disks and magnetic floppy disks as 
disks that are the application object of this invention, this invention 
can also be applied to optical disks such as compact discs, CD-ROM or 
WORM- type disks, or erasable disks. 
(Effects of the Invention) 

As explained above, in this invention, a loading shed is comprised 
of a drum or hollow drum shape that rotates centered on its axis of 
rotation, several disks are loaded in this radially, the gateway of a 
drive mechanism is placed on a radial plane parallel to. these loaded 
disks, and a loaded disk is removed along the radial plane by rotating 
the loading shed and mounted in the drive mechanism. As a result, 
mechanism parts for disk feeding are limited to linear movement to feed 
disks and rotating movement of the loading shed, and in addition to 
being simple in structure and inexpensive, have a low incidence of 
malfunction. In addition, because the distance disks are moved in the 
exchange operation is short, access time can be shortened. Furthermore, 
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because a switching part is installed that switches the direction of the 
drive mechanism to the feed mechanism, disks usable on both sides can 
also be fed from the loading shed and mounted in the drive mechanism. 

Therefore, according to this invention, a disk exchange method and 
apparatus can be realized that have simplified mechanisms and obtain 
results such as shortened operating time. 

4. Brief Explanation of the Figures 

Figure 1 is a schematic diagram illustrating an apparatus that uses 
a working example method of this invention, Figure 2 is a top elevation 
of essential parts of Figure 1, Figure 3 is a front elevation of Figure 
2, Figure 4 is a schematic diagram illustrating an apparatus that uses 
another working example method of this invention, and Figure 5 is a 
schematic diagram illustrating an apparatus that uses a method by prior 
art . 

In the figures, (1) is a disk, (2) is a loading shed, (3) is a 
drive mechanism, (4) and (10) are feed mechanisms, (32) is a gateway, 
(7) is a mechanical control CPU, and (8) is a host computer. 

Moreover, the same part numbers in the figures represent the same 
or corresponding parts. 
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Figure 1 
1 : disk 

2 : loading shed 

3 : drive mechanism 

7 : mechanical control CPU 

8: host computer' 

Pr, Pi: feed position 
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